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(54) [Title of the Invention] 

CARD TYPE INFORMATION CONTROL DEVICE 



(57) [Abstract] 
[Object] 

To perform the transmission and reception of information with an outside 
device without having contact with the outside device, and to display information on a 
card substrate. 

[Means for Solving the Problem] 

A light-emitting element 12, a light-receiving element 14, a control driver 
circuit 32, a semiconductor integrated circuit 36 and the like are mounted on a card 
substrate 10, an optical signal obtained by the light-receiving element 14 is converted to 
an electric signal, the information depending on the electric signal is processed by the 
semiconductor integrated circuit 36, and display information is generated by the 
processing of the semiconductor integrated circuit 36. Then, the electric signal 
depending on the display information is outputted to the control driver circuit 32 and the 
light-emitting element 12, an outgoing light 26 is emitted from the designated 
light-emitting element 12 toward the outside device, the transmission and reception of 
information with the outside device is performed by using an optical signal as an 
[electric] transmission medium, and information is displayed by the light-emitting 
element 12. 
[Scope of Claim] 
[Claim 1] 

A card type information control device comprising light-emitting and 
light-receiving elements to convert an incident light into an electric signal and an 
electric signal into an optical signal; an electric circuit that has a semiconductor 
integrated circuit element, a capacitor and an inductor as main components, and 
performs at least the transmission and reception of display information with the 
light-emitting and light-receiving elements according to the electric signal from the 
light-emitting and light-receiving elements; wherein the light-emitting and 
light-receiving elements and the electric circuit are mounted on the card substrate. 
[Claim 2] 

A card type information control device according to claim 1 wherein the 
light-emitting and light-receiving elements include at least a light-emitting element and 
a light-receiving element, plural light-emitting elements are set as display pixels, the 



English Translation of JP 10-63807 



2 



electric circuit generates display information based on the light received by the 
light-receiving element and controls the light emission of each light-emitting element 
according to this display information. 
[Claim 3] 

A card type information control device according to claim 1 or 2 wherein the 
light-emitting and light-receiving elements comprise compound semiconductor material 
and its thickness is 10 flm or less. 
[Claim 4] 

A card type information control device according to claim 1, 2 or 3 wherein the 
card substrate comprises a transparent substrate that can transmit the optical signal, and 
the light-emitting and light-receiving elements and the electric circuit are mounted on 
one side of the transparent substrate surface. 
[Claim 5] 

A card type information control device according to claim 1, 2, 3 or 4 wherein 
a photoelectric conversion element to convert the optical signal from outside of the card 
substrate into electric power is mounted on the card substrate, and the electric power 
generated by the photoelectric conversion element is supplied to the light-emitting and 
light-receiving elements and the electric circuit. 
[Claim 6] 

A card type information control device according to claim 5 wherein the 
photoelectric conversion element comprises compound semiconductor material and its 
thickness is 10 11 m or less. 
[Claim 7] 

A card type information control device according to claim 1, 2, 3, 4, 5 or 6 
wherein an optical system to condense the optical signal from outside of the card 
substrate leading it to the light-emitting and light-receiving elements and also emit the 
light from the light-emitting and light-receiving elements to outside of the card substrate 
is mounted on the card substrate. 
[Claim 8] 

A card type information control device according to any one of claims 1 to 7 
wherein a protection sheet of laminated structure to cover at least the light-emitting and 
light-receiving elements and the electric circuit mounted on the card substrate is placed, 
and a conductive pattern connected electrically at least with the light-emitting and 
light-receiving elements and a part of the electric circuit is formed on the one side of the 
protection sheet with circuit components. 
[Claim 9] 
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[Detailed Description of the Invention] 
[0001] 

[TechnicalFieldofthelnvention] ^ ^ 
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[0002] 
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liquid crystal display device need to be 1 mm or more thick, if an IC card is equipped 
with a liquid crystal display, the thickness of the IC card as a whole becomes over 1 mm, 
which makes it difficult to make the IC card thin. Further, when equipping an IC card 
with a liquid crystal display device, it is difficult to ensure reliability of the display 
panel sealed with liquid crystal material. That is to say, it is difficult for the display 
panel to have flexibility for bending while keeping parallelism of the display panel, in 
point of sealing liquid crystal material. Therefore, lowering the liquid crystal display's 
tolerance for bending cannot be avoided. 
[0004] 

[Problem to be Solved by the Invention] 

In the conventional technology, the information related to an IC card has to be 
displayed on an outside device after loading the IC card into the outside device, and the 
transmission and reception of information with the outside device without having 
contact with the outside device or displaying information by the IC card itself cannot be 
performed. Although an inductor mounted on the IC card may be used as an antenna 
and electromagnetic wave may be used as an information transmission medium, if 
electromagnetic wave is used as an information transmission medium, it is easily 
affected by induced noise, and the measure to be taken for that limits the transmission 
speed. Further, a light-emitting element, a light-receiving element or light modulation 
element may be mounted on the IC card, and an optical signal may be used as 
information transmission medium. However, simply equipping the IC card with a 
light-emitting element, a light-receiving element, or the like makes the device itself 
thicker, and cannot respond to bending of the card. 
[0005] 

It is an object of the present invention to provide a card type information 
control device that can perform the transmission and reception of information with an 
outside device without having contact with the outside device, and display information 
on a card substrate. 
[0006] 

[Means for Solving the Problem] 

In order to accomplish the above-described object, the present invention 
provides a card type information control device comprising light-emitting and 
light-receiving elements to convert an incident light into an electric signal and an 
electric signal into an optical signal; an electric circuit that has a semiconductor 
integrated circuit element, a capacitor and an inductor as main components, and 
performs at least the transmission and reception of display information with the 
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light-emitting and light-receiving elements according to the electric signal from the 
light-emitting and light-receiving elements; wherein the light-emitting and 
light-receiving elements and the electric circuit are mounted on a card substrate. 
[0007] 

When constructing said card type information control device, the following 
factors can be added. 
[0008] 

(1) The light-emitting and light-receiving elements include at least a 
light-emitting element and a light-receiving element, and plural light-emitting elements 
are set as display pixels. The electric circuit generates display information based on 
the light received by the light-receiving element and controls the light emission of each 
light-emitting element according to this display information. 

[0009] 

(2) The light-emitting and light-receiving elements comprises compound 
semiconductor material and its thickness is 10 Mm or less. 

[0010] 

(3) The card substrate comprises a transparent substrate that can transmit the 
optical signal, and the light-emitting and light-receiving elements and the electric circuit 
are mounted on one surface of the transparent substrate. 

[0011] 

(4) A photoelectric conversion element to convert the optical signal from 
outside of the card substrate into electric power is mounted on the card substrate, and 
the electric power generated from the photoelectric conversion element is supplied to 
the light-emitting and light-receiving elements and the electric circuit. 

[0012] 

(5) The photoelectric conversion element comprises compound semiconductor 
material and its thickness is 10 tt m or less. 

[0013] 

(6) An optical system to condense the optical signal from outside of the card 
substrate leading the optical signal to the light-emitting and light-receiving elements and 
also emit the light from the light-emitting and light-receiving elements to outside of the 
card substrate is mounted on the card substrate. (7) A protection sheet of laminated 
structure to cover at least the light-emitting and light-receiving elements and the electric 
circuit mounted on the card substrate is placed on the card substrate, and a conductive 
pattern connected electrically at least with the light-emitting and light-receiving 
elements and a part of the electric circuit is formed on the one side of the protection 
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sheet with circuit components. 
[0014] 

(8) A protection sheet of laminated structure to cover at least the light-emitting 
and light-receiving elements and the electric circuit mounted on the card substrate is 
placed on the card substrate; a conductive pattern that is connected electrically at least 
with the light-emitting and light-receiving elements and a part of the electric circuit, and 
that has the common electrical potential of the light-emitting and light-receiving 
elements and the electric circuit is formed on the one side of the protection sheet with 
circuit components. 

[0015] 

(9) The space between at least the light-emitting and light-receiving elements 
and the card substrate is filled with a bulking agent of resin. 

[0016] 

(10) The card substrate comprises synthetic-resin material that has restoring 
force against bending force up to certain degree. 

[0017] 

By the foregoing means, since the transmission and reception of display 
information is performed between the light-emitting and light-receiving elements and 
the electric circuit, the transmission and reception of an optical signal is performed 
between the light-emitting and light-receiving elements and the outside device, which 
makes the transmission and reception of information with the outside device without 
having contact possible. Further, by arranging the light-emitting elements out of 
light-emitting and light-receiving elements in accordance with display pixels and 
making the wavelength of the light-emitting element a visible region, the information 
can be displayed with the card substrate itself. Further, by making the thickness of the 
light-emitting and light-receiving elements 10 Mm or less, the card substrate can be 
formed of synthetic-resin material that has restoring force against bending force up to 
certain degree. 
[0018] 

[Embodiment Modes of the Invention] 

An embodiment of the present invention will be described hereinafter with 
reference to the drawings. 
[0019] 

Fig. 1 is a perspective view of a card type information control device as an 
embodiment of the present invention seen from the obverse side, Fig. 2 is a perspective 
view of a card type information control device seen from the reverse side, Fig. 3 is a 
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cross-sectional side view of a substantial part of a card type information control device, 
Fig. 4 is an enlarged cross-sectional side view of a substantial part of a card type 
information control device, and Fig. 5 is an enlarged cross-sectional side view of a 
substantial part of a card type information control device. 
[0020] 

As for Fig. 1 to Fig. 5, the card substrate 10 comprises synthetic-resin material 
that has restoring force against bending force up to certain degree, polyethylene 
terephthalate (PET) for example, and is formed to be rectangular in shape. This card 
substrate 10 is made to be approximately 1 mm thick as a transparent substrate that can 
transmit light, and various components made thin enough to follow the bending of the 
card substrate 10 are mounted on the card substrate 10. For example, on the reverse 
side of the card substrate 10, plural light-emitting elements 12 and plural light-receiving 
elements 14 are set in array as the light-emitting and light-receiving elements. The 
light-emitting elements 12 and light-receiving elements 14 comprise compound 
semiconductor material made to be 10 Mm or less thick such as barium arsenide, 
aluminum gallium arsenide, indium gallium arsenide, gallium indium phosphide, 
gallium indium arsenide phosphide, gallium nitride, or the other group III - V 
semiconductor, or the compound of these. And laser diodes or light-emitting diodes 
are used as these light-emitting and light-receiving elements. 
[0021] 

On the obverse side of the card substrate 10 that is opposite to the 
light-emitting element 12 and the light-receiving element 14, plural lenses 16, 18, lens 
holders 20, 22 are mounted as an optical system. The light-receiving element 14 
converts incident light 24 condensed through the lens 18 into an electric signal, and the 
light-emitting element 12 responds to the electric signal, and then emits an optical 
signal depending on the electric signal through the lens 16 as outgoing light 26. Each 
light-emitting element 12 and light-receiving element 14 is connected with a control 
driver circuit 32 through a wiring 28 and a wiring 30 respectively. The electric signal 
from the control driver circuit 32 is supplied to the light-emitting element 12, and the 
electric signal generated from light-receiving element 14 is inputted to the control driver 
circuit 32. The control driver circuit 32 is connected with a semiconductor integrated 
circuit 36 through a wiring 34. The semiconductor integrated circuit 36 is connected 
with a memory circuit 40 through a wiring 38, to a capacitor 44 through a wiring 42, 
and to an inductor 48 through a wiring 46. The control driver circuit 32, the 
semiconductor integrated circuit 36, the memory circuit 40, the capacitor 44 and the 
inductor 48 are set as the electric circuit to perform the transmission and reception of 
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display information with the light-emitting element 12 and the light-receiving element 
14, and are fixed to the reverse side of the card substrate 10. The wirings 28, 30, 34, 
38, 42 and 46 are formed on the reverse side of the card substrate 10 as a conductive 
pattern. Further, a surface electrode 50 is formed on a portion of the light-emitting 
element 12, the light-receiving element 14, the control driver circuit 32, and the 
semiconductor integrated circuit 36, etc. Each surface electrode 50 is welded and 
adhered to the conductive pattern through a solder bump 52 by a flip chip bonding 
method. That is to say, the light-emitting and light-receiving elements and the electric 
circuit are connected electrically with the wiring through surface electrode 50 
respectively. 
[0022] 

The [light emitting and receiving] light-emitting and light-receiving elements 
and the electric circuit parts fixed to the reverse side of the card substrate 10 are covered 
with a protection sheet 54 of laminated structure. The protection sheet 54 is used for 
the protection and fixation of the light-emitting and light-receiving elements and the 
electric circuit parts, and the conductive pattern is formed on a portion of the protection 
sheet 54. This conductive pattern is connected with an electrode 56 (a reverse side 
electrode 56) on the reverse side of the light-emitting element 12 and the light-receiving 
element 14, and the light-emitting element 12 and the light-receiving element 14 are 
connected with the control driver circuit 32 respectively through this conductive pattern. 
That is to say, the light-emitting element 12 and the light-receiving element 14 are 
connected with the control driver circuit 32 through the surface electrode 50 and the 
wiring 28 and 30, and also connected with the control driver circuit 32 through the 
conductive pattern formed on the protection sheet 54 and the reverse side electrode 56. 
Therefore, even if the number of the light-emitting element 12 and the light-receiving 
element 14 is large, it is possible to make complicated wire connection by using two 
systems of wiring. Further, a nonconductive protection sheet 58 of laminated structure 
is attached to the protection sheet 54, and the light-emitting and light-receiving elements 
and the electric circuit parts are covered with the protection sheet 54 and 58. 
[0023] 

The card substrate 10 that has the foregoing structure is set so that the 
light-receiving element 14 faces an optical signal transmission part on the outside 
device, and when the light-receiving element 14 receives the incident light 24 from the 
outside device, the electric signal depending on the incident light 14 is outputted from 
the light-receiving element 14 to the semiconductor integrated circuit 36. The 
semiconductor integrated circuit 36 performs various logical operations and the like 
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according to the optical signal based on the incident light 24 and data of the memory 
circuit 40 to generate display information and the like. When display information is 
generated by the operation processing of the semiconductor integrated circuit 36, the 
electric signal depending on the display information is supplied to the designated 
light-emitting element 12 through the control driver circuit 32, then the outgoing light 
26 is emitted from the designated light-emitting element 12. 
[0024] 

As the foregoing, according to this embodiment mode, the outgoing light 26 is 
emitted to the light-receiving part on the outside device 26 [sic], which makes the 
transmission and reception of information with the outside device using optical signal as 
a transmission medium possible. Further, by arranging each light-emitting element 12 
as a display pixel, information can be displayed with the card substrate 10 itself. 
Further, the card substrate 10 can respond to bending because the light-emitting and 
light-receiving elements and the electric circuit parts are 10 Mm or less thick, and it 
comprises polyethylene terephthalate as a flexible material that has restoring force 
against bending. 
[0025] 

Further, in the present embodiment, a light-emitting element comprising an 
single light source, one comprising plural light sources formed on one substrate, and 
one comprising a combination of a plurality of single light sources can be used as the 
light-emitting elements 12. And for the card substrate 10, a material that becomes 
transparent to the wavelength of the outgoing light 26 is used preferably as the material 
of at least the portion to be the path of the outgoing light 26. 
[0026] 

Further, when forming the conductive pattern on the protection sheet 54, if the 
conductive pattern is formed to cover plural elements as a whole so that plural elements 
of the semiconductor integrated circuit 36 have the common electrical potential, the 
conductive pattern can be used as ground potential. If the conductive pattern is used as 
ground potential, the electrical potential of the substrate can be fixed over the large area 
of each semiconductor chip (chip of the semiconductor integrated circuit 36), and 
parasitic thyristor effect, or so-called latch up that makes the elements' operation 
impossible can be avoided, and also the malfunction of the elements caused by noise 
from the outside can be avoided. 
[0027] 

Further, as shown in Fig. 6, each part can be covered by using only 
nonconductive protection sheet 58. That is to say, when letting the conductive pattern 
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on the protection sheet 54 have the common electrical potential has some trouble, each 
part can be covered by using only nonconductive protection sheet 58. In this case, as 
for the light-emitting element 12 and the light-receiving element 14, the electrical wire 
connection is made using wirings 28 and 30. 
[0028] 

Further, as shown in Fig. 7, instead of using the light-emitting element 12 and 
the light-receiving element 14, a light-emitting and light-receiving element 60 that has 
both functions of light-emitting and light-receiving elements can be used. The 
light-emitting and light-receiving element 60 basically has almost the same structure as 
the light-emitting element 12, made of group III - V compound semiconductor, and is 
mounted on the card substrate 10 in the state of a thin film so that it can follow the 
deformation of the card substrate 10. When the light-emitting and light-receiving 
element 60 is used, although light-emitting and light-receiving cannot be performed 
simultaneously, the number of parts are reduced since the single light-emitting and 
light-receiving element 60 has two functions of light-emitting and light-receiving, 
which leads to lower manufacturing cost. 
[0029] 

Fig. 8 shows the embodiment when the electrode is mounted on the card 
substrate 10. 
[0030] 

In the present embodiment, to supply electric power to the light-emitting * 
element 12, the light-receiving element 14, the semiconductor integrated circuit 36 and 
the like mounted on the card substrate 10, a solar cell 60 is mounted on the reverse side 
of the card substrate 10. As is the case with the light-emitting element 12 and the like, 
the solar cell 60 is electrically and mechanically connected with the reverse side of the 
card substrate 10 by a flip chip bonding method. The solar cell 60 comprises a 
photoelectric conversion device that receives the incident light 62 and generates the 
electric power according to the incident light. As a material for this photoelectric 
conversion device, a material with which high photoelectric conversion efficiency is 
obtainable even in the state of a thin film is used. For example, amorphous silicon, 
chalcopyrite type material as typified by CuInEe2, or group III - V compound 
semiconductor material can be used as this material. Especially, since group III - V 
compound semiconductor can realize high photoelectric conversion efficiency, large 
electric power can be obtained even within limited area on the card substrate 10. The 
electric power generated from the solar cell 60 is supplied to the semiconductor 
integrated circuit 36, the control driver circuit 32, the light-emitting element 12, the 
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light-receiving element 14 and the like through the conductive pattern on the protection 

sheet 54. 

[0031] 

Further, when the optical system is mounted on the card substrate 10, the lens 
16 can be integrated with the card substrate 10, as shown in Fig. 9. In this case, 
diffusion of the outgoing light 26 is controlled and the light is transmitted to the outside 
device efficiently, also the cost of the optical system can be lowered. When complex 
structure or different material type from the substrate 10 is required for the optical 
system, the optical system can be formed separately and then attached to the card 
substrate 10. Further, by controlling refractive index of a part of the substrate material 
by ion introducing or local heat treatment in the card substrate 10 formed of resin, the 
optical system can be formed on the substrate 10. 
[0032] 

Further, as shown in Fig. 10, the structure in which a bulking agent 64 fills in 
the space between the light-emitting element 12 and the card substrate 10 can be 
adopted. In this case, by using a material whose refractive index is the same as or 
higher than the glass as the bulking agent 64, transmission loss of the outgoing light 26 
can be reduced. 
[0033] 

Next, an example of manufacturing process of the card type information 
manufacturing device will be described hereinafter with reference to Fig. 11 and Fig. 12. 
Here, procedures for forming a light-emitting diode composed of group III - V 
compound semiconductor, then making it a thin film, and equipping the card substrate 
10 with this are going to be described. 
[0034] 

First, as a growth process, an etch stop layer 82 and a light-emitting element 
layer 84 that constitute a light-emitting diode (LED) are formed on an n-type GaAs 
substrate 80 by molecular beam epitaxy. The light-emitting element layer 84 
comprises firstly 0.5 H m thick n-type GaAs layer as a buffer with impurity Si added, 
followed by 0.1 Mm thick Alo.3Gao.7As as a reverse side barrier layer, 5 Mm thick 
n-type GaAs layer to be an active layer, 0.5 Hm thick p-type GaAs layer with Be 
doped, and 0.05 Um thick Alo.3Gao.7As to be an obverse side barrier layer. And 
finally, as a contact layer, 0.3 U m thick GaAs layer with a higher concentration of Be 
doped is formed. For the etch stop layer 82, 0.2 flm thick Alo.6Gao.4As is grown 
before the light-emitting element layer 84. 
[0035] 
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Next, as a processing step, photo resist is patterned by photolithography, the 
surface electrode 50 is formed on the light-emitting element layer 84 by a lift off 
method after Au-Zn - based alloy is deposited, then the light-emitting element 12 is 
formed by conducting isolation using etching solution containing phosphoric acid 
solution. 
[0036] 

Next, as a reverse side electrode forming process, after a supporting substrate 
88 is attached to the obverse side of the light-emitting element 12 and protecting the 
obverse side of the supporting substrate 88, the GaAs substrate 80 is removed by 
etching using potassium iodide (KI) solution. Then, after the etch stop layer 82 is 
removed by etching, the reverse side electrode 56 is formed depositing Au-Ge - based 
alloy. 
[0037] 

Next, as a process of transferring to the supporting substrate, after the 
supporting substrate 88 different from the supporting substrate 86 is attached to the 
reverse side of the thinned light-emitting diode, the supporting substrate 86 on the 
obverse side is removed. Then, as process of attaching the card substrate, the thinned 
light-emitting diode (light-emitting element) 12 is attached to the reverse side of the 
card substrate 10. Then, as laminating process, the supporting substrate 88 is removed 
from the light-emitting element 12 and the space between the light-emitting element 12 
and the card substrate 10 is filled with the bulking agent 64. After that, a periphery of 
the light-emitting element 12 is covered with the conductive protection sheet 54 and the 
nonconductive protection sheet 58. By the above-mentioned process, the 
light-emitting diode as a light-emitting element 12 is mounted on the card substrate 10. 
[0038] 

The above-mentioned mounting process can be applied to the light-receiving 
element 14, and liquid phase epitaxy (LPE), metal organic chemical vapor deposition or 
the like can be used as a method for the light-receiving element growth. As for 
light-receiving elements, it can be applied to a laser diode as well as a light-emitting 
diode. When a laser diode is used, although edge-emitting type can be used, if a 
surface emitting type is used, the light from the element is emitted perpendicular to 
growth surface, thus the above-mentioned mounting process can be applied to a laser 
diode. 
[0039] 

In processing step, when the light-emitting element 12 is thinned to 10 tim or 
less, an epitaxial lift off (ELO) method can be used. When the epitaxial lift off method 
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is used, in growth process, selective etch layer is grown instead of the etch stop layer 82. 
And 10 mm thick AlAs layer, for example, can be used as this selective etch layer. 
Further, in processing step, selective etching is conducted instead of substrate etching 
removal. Hydrofluoric acid solution is used for this selective etching, and only AlAs 
layer that is the selective etch layer is etched selectively, so that the thin film element 
part is stripped off the substrate. If the ELO method is used, the substrate is left after 
the element is removed and the substrate can be reused, which leads to lower 
manufacturing cost. 
[0040] 

[Effect of the Invention] 

As described above, according to the present invention, since light-emitting 
and light-receiving elements and electronic circuit are mounted on the card substrate, 
the transmission and reception of information with an outside device without having 
contact with the outside device can be performed, and the information can be displayed 
on a card substrate. 
[Brief Description of the Drawings] 

Fig. 1 is a perspective view of a card type information control device as an 
embodiment of the present invention, seen from the obverse side. 

Fig. 2 is a perspective view of a card type information control device, seen 
from the reverse side. 

Fig. 3 is a cross-sectional side view of a substantial part of a card type 
information control device. 

Fig. 4 is an enlarged cross-sectional side view of a substantial part of a card 
type information control device. 

Fig. 5 is an enlarged cross-sectional side view for describing a laminated 
structure of the card substrate. 

Fig. 6 is an enlarged cross-sectional side view for describing another laminated 
structure of the card substrate. 

Fig. 7 is a perspective view of another embodiment of the present invention. 

Fig. 8 is a cross-sectional side view of a substantial part showing the structure 
in which a solar cell is set on the card substrate. 

Fig. 9 is a cross-sectional side view of a substantial part showing the structure 
in which an optical system is integrated with the substrate. 

Fig. 10 is a cross-sectional side view of a substantial part showing the structure 
in which the space between a card substrate and a protection sheet is filled with a 
bulking agent. 
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Fig. 11 is a cross-sectional view for describing manufacturing process and 
mounting process of a light-emitting element. 

Fig. 12 is a perspective view for describing manufacturing process and 
mounting process of a light-emitting element. 
[Description of the Reference Symbol] 
10: card substrate 
12: light-emitting element 
14: light-receiving element 
16, 18: lens 

32: control driver circuit 

36: semiconductor integrated circuit 

40: memory circuit 

44: capacitor 

48: inductor 
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